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Abstract 
The orthotropic materials are of a great importance and interest in fields of the modern industrial technologies 
applications due to their hardness, their lightness and their super elasticity. During their operation period and under 
the effect of an external effort, these materials can be submitted to cracks or ruptures which can cause the disaster of 
their structure. In order to avoid these types of problems, the analysis of these materials is necessary. This analysis is 
based essentially on the internal structure of an orthotropic material, its geometry, its boundary conditions and its 
external applied conditions. The analysis of the static behavior of a thin orthotropic bi-dimensional plate under the 
effect of external efforts is treated. The analytical method is used. For modern technologic needs, a good knowledge 
of the structure vibratory behavior is necessary in the design. Thus, a bibliographic research of multilayer plates made 
from composite materials and the theory of linear elasticity are discussed. Then, static analysis of the multilayer 
plates under the effect of a constant force located at the center is studied in order to find the displacement at this 
point. Parametric study is also treated. 
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Nomenclature 
Notation  Unit  Description 
a, b   m  Plate dimension  
Dij   N.m  Bending-twist coupling coefficient 
Ei,    N/m2  Young’s module 
p(x,y)   N/m2  Transverse load 
qmn     Unknown generalized variables 
Cmn   N/m2  Plane stress elastic coefficient 
u0, v0   m  Displacement of the middle surface 
0w  m Transverse displacement of the structure 
x, y, z   m  Cartesian coordinates 
M   N.m  Bending moment 
 
1. Introduction 
The orthotropic materials are of currently important interest in industrial applications. They have two 
or three mutually orthogonal twofold axes of rotational symmetry so that their mechanical properties are, 
in general, different along each axis. These materials are anisotropic materials with a structural 
inhomogeneous and complexes character used for the realization of the parts or the light bodies of high 
reliability and mechanical resistance. Among these materials, there exist the composite materials, the 
undulated materials, the sandwich materials, the reinforced materials, etc. In fact, the orthotropic 
materials have different mechanical properties according to their three orthogonal directions. However, 
during their mode of life, these materials can undergo cracking under the effect of external efforts causing 
their rupture. Consequently, the load limiting their rupture must be calculated in a static state as in a 
dynamic state.  
From an academic point of view, many methods of plate analysis were proposed in the literature. 
Developed techniques of identification exploit the richness of test measurements which are generally 
analyzed starting from analytical model [1]. Identification of the orthotropic parameters is treated 
according to a technique based on the minimization of a standard energy formulated by the error in 
relation to the material behavior [2], [3]. This error is calculated according to the difference between the 
theoretical and the experimental deformations. This method of resolution requires the calculation of the 
sensitivity matrix [2], [4] and the use of the direct analytical methods [5], [6]. In [7] and [8], authors 
propose a mixed technique based on the analytical method used with the finite differences method for the 
numerical differentiation and the analytical calculation.  
This paper discuss the analysis of the static behavior of the thin orthotropic bi-dimensional plate under the 
effect of external efforts using the analytical method. Thus, the modeling of an orthotropic laminated 
plate is studied in section two. Section three represents a validation of the proposed model. A parametric 
study is treated in section 4. Finally, conclusion is given in section 5. 
 
2. Modeling of an orthotropic laminated plate 
2.1. Introduction 
The analysis of plates by laminate materials presents various degrees of complexity. In the case of the 
study of the plates in bending, the more complex analysis is the use of laminates consisting of a stack 
with bending-membrane, torsion-membrane and bending-torsion coupling. The bending analysis of a 
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plate in laminates can be simplified by studying symmetric laminates where the membrane bending-
torsion coupling is considered negligible. Symmetrical laminates with the proposed simplification are 
called orthotropic laminates. The following study analysis the bending of an orthotropic laminated plate.  
2.2. Simply supported rectangular plate model 
Consider a rectangular plate subjected to a distributed transverse load "q" (figure 1), where: q = q(x,y). 
In the case of an orthotropic laminated material, the fundamental relation based on the classical laminate 
theory is reduced to: 
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For a plate in simple supports on its fourth extremities, the boundary conditions are written: 
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As the plate is simply supported, there are no conditions imposed on u0 and v0. In general, the 
transverse load may be developed following the double Fourier series: 
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where the coefficients qmn is expressed by: 
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The solutions to the bending problem can be obtained in writing the displacements as double Fourier 
series and satisfying the boundary conditions. For examples:  
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Fig. 1. Rectangular plate subjected to a distributed load. 
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The expression of the coefficient Cmn is obtained by using the equation (6) in the relation (1) and in the 
expression of q(x,y) given in the equation (4):  
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The deflection at point (x,y) is written: 
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where: 
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In the case of a "uniform load" (q(x,y) = q0 = cte), the expression (5) leads to: 
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These two expressions are expressed in: 
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The deflection expression of (8) in point (x,y) becomes: 
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3. Model validation 
Several examples of static responses of an orthotropic laminated plate simply supported and subjected 
to a transverse forces are treated. First, to present the theoretical results of the static response of the plate 
under concentrated load, the used orthotropic one is consisting of several layers of 0° and 14 mm of 
thickness. The dimension of the studied laminated plate presented in figure 2 is: 400x400x14 mm3. The 
properties of the considered material are illustrated in table 1.(a). Theoretical calculated results are given 
in table 1.(b). These results validate the proposed analytical model of the studied orthotropic plate. This 
one, which is subjected to a uniform force, is used in order to predict the static response. This can succeed 
to a discussion on the influence of the parameters in the model, and thus on the plate behavior.  
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Table 1. (a) Material properties, (b) Displacements for different applied forces. 
(a) 
E1 
(GPa) 
E2 
(GPa) 
G12 = G13 
(GPa) 
Thickness 
(mm) 
ȡ v 
14 14  4 14 1630 0.25 
(b) 
Force (N/m) Displacement (m) 
10000 0.0053 
14000 0.0075 
19000 0.0101 
22000 0.0117 
26000 0.0139 
 
4. Parametric study 
The purpose of this study is to investigate the sensitivity of the model input parameters. The principle 
consists in changing one parameter while keeping the others constants. This analysis is primarily 
conducted on a monolithic plate simply supported on its four sides. The average input parameters of the 
panel model are as follows: 
- Young modules : E1 = E2, 
- Thickness of the panel,  
- Dimensions of the plate : (qo = 12000N/m). 
4.1. Young modules  
The panel is considered as orthotropic with E1 = E2. The used average value is that determined by a 
quasi-static test. Obtained results in table 2.(a) show that the increase of the panel's module mainly 
reflects the decreasing of the displacement at the centre of the plate. 
4.2. Thickness of the panel 
Simulation results, given in table 2.(b), show that the thickness "h" has an important influence on the 
displacement.  
4.3. Dimension of the plate 
The results in the table 2.(c) show that in increasing the size of the panel, the resulting deflection is 
increasing. 
 
 
 
Fig. 2. The studied laminated plate. 
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Table 2: Displacements for different: (a) Young modules, (b) values of thickness, (c) dimensions of the studied plate 
 (a) 
E1 (Gpa) Displacement (m) 
12 0.0071 
13 0.0067 
14 0.0064 
15 0.0061 
16 0.0059 
(b) 
h (mm) Displacement (m) 
14 0.0064 
16 0.0058 
18 0.0048 
20 0.0037 
24 0.0022 
(c) 
a = b (mm) Displacement (m) 
200 0.0016 
250 0.0025 
300 0.0036 
350 0.0049 
400 0.0064 
5. Conclusion 
This paper presents a simplified model of an orthotropic plate subjected to a uniformly distributed 
load. This model is based on the theory of laminates that neglect the effects of shear through the 
thickness. It is used to calculate at the plate center and for different values of its studied parameters, the 
displacements and their distribution. The obtained results show that this model is reliable for predicting 
the behavior of the treated panel. A study of affecting material parameters shows that these parameters 
have an influence on its static behavior. However, the approach used in this work does not take into 
consideration the numerous relations existing between these parameters.  For example, the shear modulus 
of elasticity has an influence on both the response of the panel and on the displacement. 
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